Abstract-Cell mechanics indicating the state of cell play an important role in critical activities of the cells. However in recent cell mechanics research, most of researchers only considered the young's modulus and energy dissipation is seldom considered. The existing method of the computation of young's modulus can't also make sure the distance between experimental indentation curve and the theory experimental indentation curve is small. To solve the problems described above, an optimization method of computation of young's modulus has been proposed and an experiment has been carried out. In the experiment force curves were obtained from the MCF-7 cells which has been treated with different concentrations (0ug/ml, 50ug/ml, 100ug/ml, 150ug/ml, 200ug/ml) of resveratrol for 36 hours. Young's modulus and energy dissipation could be obtained from the force curves. The experiment results not only shown that compared with the existing method the proposed method has its superiority in the computation of young's modulus, but also indicated that there is a necessity of considering both Young's modulus and energy dissipation. The results provide an effective method for the computation of cell mechanics and lay a foundation for the drug selection and personalized treatment of diseases.
I. INTRODUCTION
Cancer has become the leading cause of death in developed countries and the second cause of death in developing countries [1] . However, the treatment of cancer faced many difficulties, one of which is the efficiency of cancer drug varies [2] . As with the era of personalize treatment coming, there is a need to have accurate diagnostic tests to identify whether patients can benefit from the therapy of the drug or not at single cell level. Cell mechanics which are largely determined by the cytoskeleton can indicate the state of cells and play an important role in key activities such as motility, deformability and division of cells [3] . Cell is essentially viscoelastic material [4] . Cell mechanics which can be extracted from the force curves contain young's modulus, energy dissipation, adhesion, and maximum deformation [5] . The young's modulus and maximum deformation are related with elastic properties. Energy dissipation and adhesion are related with viscous properties. The study of cell mechanics can contribute to solving the problems described above. To study the cell mechanics, it is important to find the right tools. The tools include atomic force microscopy (AFM), optical traps, magnetic twisting cytometry and so on. One of the most powerful tools is the atomic force microscopy (AFM). The AFM is initially invented to study the surfaces of insulators in air [6] . Rapidly, it was applied to measure mechanical properties of different material surface especially the living cells [6] . The AFM provides high sensitivity, high spatial resolution and allows the experiment of mechanical measurements to be conducted under physiological conditions [3] . Using AFM, the force curve can be obtained, from which cell mechanics can be extracted. However, most of the researchers only considered the elastic properties. Viscous properties and elastic properties are seldom considered at the same time. The Gaussian fitting method is used to compute the young's modulus [7] . However, this method cannot make sure the theoretical indentation curve fits the experimental indentation curve well. In this paper, we proposed an optimization method which can make sure the theoretical indentation curve fits the experimental indentation curve best. We used the MCF-7 cells for the experiment to prove the superiority of the proposed optimization method. Both the young's modulus and energy dissipation were considered at the same time and used to represent the state of cell, which validate the necessity of considering both young's modulus and energy dissipation instead of only considering young's modulus.
II. MATERIALS AND METHODS

A. Materials
Human breast cancer cell lines MCF-7 were used for the experiment which were cultured in RPMI-1640 medium at 37°C in a humidified atmosphere of 5%CO 2 . Resveratrol (≥98% purity) was dissolved in dimethyl sulfoxide (DMSO) and diluted by medium to make different concentrations of resveratrol (0ug/ml, 50ug/ml, 100ug/ml, 150ug/ml, and 200ug/ml) with the concentration of DMSO kept no more than 1 . After the different concentrations of resveratrol was prepared, the MCF-7 cells were cultured in different concentrations of resveratrol for 36 hours. Then the force curves were obtain from the cell treated with different concentrations of resveratrol using Dimension 3100 AFM (Bruker, Santa Barbara). Schematic diagram to obtain force curve is shown in Fig. 1 . Firstly, AFM tip approached and contacted the surface of MCF-7 cell. The force between the tip and cell leads to the deflection of cantilever. Then the AFM retracted from sample. The whole process could be recorded by the photodiode detector of AFM system. Deflection of the probe versus z-positions of tip is the so-called "force curves". 
B. Methods
To avoid the effect of adhesion, the approach part of force curve was used to compute young's modulus. Hertz model is a popular model used to compute the young's modulus. The Hertz model can be formulated as follows [8] :
Where F is the force acted on AFM probe, T is the semiincluded angle of the cone tip, E is the young's modulus, G is the depth, and X is the Poisson's ratio (note that X =0.5 is often assumed for cells). Because we want to compute the young's modulus, (1) can be also formulated as follows:
Where y is the value of deformation of AFM cantilever, k is the elastic coefficient of AFM cantilever. As we can see from (2), the young's modulus can be regard as function of y and G . Because the force curves were obtained by measurements of cantilever deflection versus z-position of piezoelectric ceramics, there is a need to transform the force curve to indentation curve which is show in the Fig. 2 .
Indentation depth The deflection of cantilever As we can see from Fig.2 , more than one value of young's modulus could be obtained from the force curve, so there is need to use some methods to get one reasonable value of young' modulus. The Gaussian fitting method is widely used to get the value of young's modulus of the force curve. The Gaussian fitting function is as follows:
But the Gaussian fitting method can not make sure the distance between theoretical indentation curve and experimental indentation curve is small. To overcome the problem described above, we proposed an optimization method to solve this problem. The problem can be formulated as follows:
Where 1 2 (y , y , , y )
T n is the vector of y axis of indentation curve, and
is the vector of square of x axis of indentation curve. By solving (4), we can get an optimal value of young's modulus which can make sure the theoretical indentation curve is closest to the experimental indentation curve.
Energy dissipation is another important cell mechanics which used to represent the viscous property of cells. As is show in the Fig. 3 , Energy dissipation of cells can be represented as follows [9] :
Where F is the force acted on cell, and V is the velocity of the AFM tip. In order to exclude the effect of force, the energy dissipation can also be expressed as a form of percentage [10] :
Where 1 A is the area of OPQ, and 2 A is the area of 
III. RESULTS AND DISCUSSION
In the experiment, we considered the cells which hadn't been cultured by the resveratrol as control group. Fig. 4 shows the force curves obtained from MCF-7 cells which had been treated with different concentrations of resveratrol. As is shown in Fig. 4 , the shape of force curves are different. With the increase of concentration of resveratrol, the force curves are more and more straight which indicates that the cells became stiffer and stiffer with the increasing of concentration of resveratrol. As we can see from the Fig. 6 , given the same value of the deflection of cantilever, the depth of tip in cell is smaller and smaller with the increase of concentration of resveratrol which indicates that the cells is stiffer and stiffer. This is consistent with the conclusion before. After the force curves were obtained, young's modulus was computed using the proposed optimization method and Gaussian fitting method. As is shown in Fig. 5 , firstly every point in the indentation curve was used to compute the young's modulus. In one indentation curve we can get not only one value of young's modulus. The Gaussian fitting method is used to get one value of young's modulus to represent young's modulus of the force curve. As we can see from the Fig. 6(a)~Fig.6(d) , Gaussian fitting method make its theoretical indentation curve fit the experimental indentation curve well. But in Fig. 6 (e) the theoretical indentation curve obtained by the Gaussian fitting method didn't fit the experimental indentation curve well which means that the Gaussian fitting method cannot make sure that the theoretical indentation curve fits the experimental indentation curve well. In order to overcome this flaw, we proposed the optimization method. This method could be regarded as choosing one value of young's modulus to make the theoretical indentation curve fit the experimental indentation curve best. As we can see from the Fig. 6 , the proposed method can make the theoretical indentation curve fit the experimental indentation curve better than the Gaussian fitting method which means that our proposed method is better than the Gaussian fitting method. The Table I shows the young's modulus computed by the two methods, although the mean value of young's modulus computed by this two methods is different, the trend of young's modulus is same which is upward with the increase of concentration of resveratrol. This result is consistent with Fig. 6 which proved the correctness of proposed method. Cell is viscoelastic material which has not only elastic property but also viscous property. In order to represent the state of cell comprehensively, energy dissipation is extracted from the force curves according to equation (6) . The value of energy dissipation of the cells treated by different concentrations of resveratrol was show in Table II . As we can see from Table II , the value of energy dissipation is smaller and smaller which indicates that the viscous of cell is less and less with the increase of the concentration of resveratrol. The young's modulus and energy dissipation were used to represent the state of MCF-7 cells, The Fig. 7 shown the state of cells treated with different concentration of resveratrol. As we can see from the Fig.7 , the difference of the state of cells treated with different concentration of resveratrol became obvious and obvious with the increase of concentration of resveratrol. If we only used the young's modulus to represent the state of cells, we lose the information of viscous property of cells. In Fig.  8(e) , the state of cells cultured by 150ug /ml concentration of resveratrol for 36 hours and the state of control group is overlapping. However, in Fig. 7 (e) the state of cells cultured by 150ug /ml concentration of resveratrol for 36 hours and the state of control group is not overlapping which indicates that using two kind of cell mechanics can make the difference of state between cells more obvious and can represent the cells' state better. 
IV.
CONCLUSION
Cell mechanics play an important role in key activities of cells. In this paper, we proposed an optimization method to compute the young's modulus and tried two kinds of cell mechanics instead of one to represent the cells' state. The MCF-7 cells treated with different concentrations of resveratrol were used for the experiment. The experiment results shown that compared with Gaussian fitting method, the proposed method can make the theoretical indentation curve fit the experimental indentation curve better and using two kind of cell mechanics can represent the cells' state better. The experimental results will provide a way for the computation of young's modulus and lay a foundation for the personalized treatment and drug selection.
